Haemadsorption by Vaccinia Virus and the Vh Factor in Chickens
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Fowl red cells are agglutinated by vaccinia virus, but the mechanism is different from the haemagglutination by myxoviruses. Clark & Nagler (I 943) made an extensive study of this phenomenon, and investigated different races of chickens at different ages. They pointed out that the red cells of newly hatched chickens were consistently negative, but that from older birds about 5o % were negative in the vaccinia haemagglutination reaction, regardless of age and race. Burnet & Stone (1946) found that red cells agglutinated by vaccinia virus were also agglutinated by eardiolipin and other lipids. Suzuki et al. (1955) extended this work, and showed that while red cells of most White Leghorns were positive, the cells of Plymouth Rock chickens were negative in the vaccinia haemagglutination test. Gilmour (1959, I96O, I962,) in an extensive study of blood groups in fowls, considered the property of being agglutinated by vaceinia virus as a separate blood group Vh which was certainly not linked with three other blood groups (C, L and N) and probably not with a further two (A and B). The property is a dominantly inheritable trait. The special property of the red cell membrane of sensitivity to vaccinia virus is non-antigenic; antibodies to the Vh blood group have never been found and can not be provoked; for this reason we would prefer the term Vh factor to Vh blood group.
Driessen & Greenham (I959) described haemadsorption of fowl red cells to vacciniainfected tissue culture cells as a very useful method in the titration of vaceinia virus and vaccinia virus antibodies. They tested red cells from 46 individual White Leghorn fowls, and found all samples gave positive results in the haemadsorption test, although 21 were negative in the haemagglutination test with vaccinia virus. For the past 7 years we have been using haemadsorption with chicken red cells extensively, and have consistently found it a quick, efficient, reproducible method for plaque counting of members of the pox virus group. However, as others, as well as ourselves, have had disappointing results we have repeated and extended the investigations of Nagler & Clark (1943) and Driessen & Greenham (1959) .
We investigated red cells from 46 fowls from the study farm Uithof of the Veterinary Faculty in Utrecht, I4 White Leghorn fowls of our own stock, and 82 fowls from the Blood Group Laboratory (B.G.L.) at Wageningen (Table i) . Most of these fowls are commercially bred strains; they cannot be considered as inbred pure strains but rather as segregated or closed populations. The B.G.L. samples were taken with 3"8 % sodium citrate; we took blood samples by venipuncture, in about an equal volume of Alsever's solution. Of this blood 0"5 ml. was added to 5 ml. isotonic saline, centrifuged, and the sediment washed once.
About IOO p.f.u, of vaecinia or variola virus were inoculated in a monolayer of a continuous human amnion cell-line (strain u), (approximately 7o,ooo cells per tube), and haemadsorption was tested 24 hr later. One drop of a 2 % suspension of the washed
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red cells was added to each tube containing ~ ml. of medium and the reaction read after I hE at 37 °. Non-infected tissue culture tubes of the same cell line were used as controls. For haemagglutination either with vaccinia virus or with cardiolipin, equal volumes of reagents were mixed with a o'5 % suspension of red cells, giving a final concentration ofo'25 %. The reaction was read after I hE at 4 °. Vaccinia haemagglutinin was prepared from infected chorioallantoic membranes, and for the test 2 or 4 haemagglutinating units were used. In a preliminary screening test cardiolipin (National Institute of Health, Utrecht) was used in a dilution of I/2oo. The negative samples were further tested in a dilution series of I/IO, 1/20, 1/50 , I/IO0, 1/200, while the positive samples were tested in a twofold series from I/2OO to ~/4oo. All samples were also tested with 4 units of mumps haemagglutinin. 
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All samples positive in the haemagglutination reaction with vaccinia virus were also positive with cardiolipin. In contrast with Driessen's findings we found an almost IOO % correlation between the haemagglutination reactions on the one hand and haemadsorption to vaccinia or variola infected tissue culture cells on the other hand. The one exception was a sample of fowl red cells which, although giving a negative haemadsorption test was positive in the cardiolipin haemagglutination test up to dilution I/2oo (vaccinia haemagglutination was not tested). As this sample was very small, and the particular donor bird could not be identified, the tests could not be repeated. Furthermore, we found that all samples negative in the haemagglutination test gave a negative or very weakly positive reaction in the haemadsorption test. Cardiolipin agglutination titres of positive red cells ranged from I/8OO to 1/32oo without correlation with the avidity in the haemadsorption reaction. All samples negative at I/ZOO were also negative at I/IO. All samples were positive with 4 units of mumps haemagglutinin. All non-infected control tubes were negative.
Our results with different chicken races also differed from Nagler's: most individuals belonging to the different Leghorn strains were positive for the Vh factor, while most individuals of the other races were negative. Table I gives the races and numbers of individuals investigated and a summary of the results.
Those wishing to use haemadsorption as a method for vaccinia plaque counting can expect the best results by using red cells from a commercial White Leghorn strain, and selecting individuals for the Vh factor by a screening method using cardiolipin in a I/20o dilution.
